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1. Introduction 
Since the global financial and economic crisis, and the subsequent Euro Area (EA) sovereign debt 
crisis, euro area sovereign yield spreads have diverged considerably. As these spreads are important 
measures of governments’ relative financing conditions, they have become the focus of public 
attention. 
Prior to the European Monetary Union (EMU) in 1999, sovereign bond yields in the euro area 
showed a strong convergence process, driven not only by the anticipation of the entrance of the euro 
and the corresponding elimination of intra-euro area exchange rate risk (European Central Bank, 
2003), but by other variables as well, such as the harmonization of fiscal and monetary policies inherent 
to the unification process (Côté and Graham, 2004). This convergence process was followed by a 
period of low Eurozone yield spreads (e.g. in March 2002, the 10-year yield spreads to the German 
Bunds were practically zero in the EA countries, with Slovenia, which had not adopted the euro yet1, 
presenting a maximum spread of 4.5 percentage points). Then, sovereign yield spreads rose 
dramatically since 2009, when the maximum yield spreads were those of Lithuania (11%) and Latvia 
(7.6%), countries that were not yet in the EA. With the intensification of the sovereign debt crisis, 
sovereign yield spread diverged significantly, reaching maximum values in Greece (27%) and Portugal 
(11%) in February 2012.  
The adoption of a common currency was expected to improve the convergence process of 
bond yields and to reduce sovereign yield spreads, as the exchange rate risk was eliminated. However, 
besides the currency risk, the literature has also attributed the differences in the yield spreads to both 
international factors (such as general risk perception) and domestic factors (liquidity and sovereign 
                                                          
1 There are currently 19 EU member states in the Eurozone, of which the first 11 (Austria, Belgium, Finland, France, 
Germany, Ireland, Italy, Luxembourg, Netherlands, Portugal and Spain) introduced the euro in January of 1999. Greece 
adopted the euro in January 2001, and the following seven countries joined the Eurozone in the last decade: Slovenia (in 
2007), Cyprus and Malta (in 2008), Slovakia (in 2009), Estonia (in 2011), Latvia (in 2014) and Lithuania (in 2015). 
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risk). Empirical literature (e.g. Codogno et al., 2003; Geyer et al., 2004; Favero et al., 2010; Pozzi and 
Wolswijk, 2009; Bernoth and Erdogan, 2012) shows that international risk factors have a significant 
effect on yield spreads in EMU countries, which explains why in times of economic uncertainty and 
crisis periods it is more likely to observe wider spreads since investors typically have a higher 
preference for less risky and more liquid assets (Barrios et al., 2009). Second, and as far as the domestic 
factors are concerned, investors will demand compensation for not investing in secure (credit risk 
compensation) and liquid (liquidity risk compensation) bonds. Empirical literature on determinants of 
sovereign yield spreads also shows a significant impact of a credit risk component (linked to 
government fiscal deficits and the stock of government debt as a share of GDP), while the impact of 
liquidity is significant in some papers (Favero et al., 2010) and not significant in others (Oliveira et al., 
2012; Codogno et al., 2003). 
Moreover, the literature has also documented the possibility that certain yield spreads could 
also be driven by a contagion component, defined in the literature as a significant increase in co-
movements across countries (conditional on a crisis in one of them) that cannot be explained by the 
country fundamentals (Masson, 1999). Most of the literature on contagion during the sovereign risk 
crisis in the Eurozone finds strong evidence of contagion (Amisano and Tristani, 2011; Favero and 
Missale, 2012; Calice et al., 2012; Antonakakis and Vergos, 2013). Furthermore, the results suggest 
that Greece, Ireland and Portugal are the main sources of contagion effects (Metiu, 2012; Arghyrou 
and Kontonikas, 2012; Beirne and Fratzscher, 2013; Gomez-Puig and Sosvilla-Rivero, 2014), followed 
by Italy and Spain (Leschinski and Bertram, 2013).  
The implications of the above literature on the convergence of sovereign bond yield spreads 
will depend on the relative importance of the international factor and country-specific factors in 
determining the bond yield differentials, as well as on the possibility of contagion effects. However, 
4 
 
despite of the vast literature on the determinants of sovereign bond yield spreads in EU countries, 
there is not yet any consensus reached on the relative importance of the previous mentioned factors 
in explaining sovereign bond yield differentials. Furthermore, most of the studies have found that the 
relative impact of each of these variables (international risk perception, liquidity, credit risk, contagion 
effect) on the spreads varies over time. For example, Bernoth and Erdogan (2012) analyse the 
determinants of sovereign yield spreads for 10 Eurozone countries for the period 1999- 2010, and 
find that the impact of fiscal variables and the global risk factor on yield spreads varies considerably 
over time. Afonso et al. (2015) study a panel of 10 EA countries to assess the determinants of 
government bond yields, suggesting that the impact of these determinants has also changed over time 
since investors, for example, penalise countries’ fiscal imbalances more strongly since 2009. Sgherri 
and Zoli (2009) assess the determinants of spreads between 10 EA countries and Germany for the 
period 2003-2009 and find that EA sovereign risk premium differentials were mainly driven by a 
common international factor until 2008, when the country specific sovereign risk became more 
important. According to Sgherri and Zoli (2009), this explains the evidence of convergence in bond 
yield spreads observed before the crisis and the divergence patterns found during the crisis period.  
Another strand of the literature has tested for convergence2 in bond yield spreads by studying 
the time series properties of the bond yields differentials using different methodologies. Early studies 
applied traditional ADF (Dickey and Fuller, 1979) and PP (Phillips and Perron, 1988) unit root tests 
in order to test whether or not bond yield spreads were stationary (Rose, 1988; Campbell and Shiller, 
                                                          
2  The convergence hypothesis has been tested in the literature using different approaches. For example, in a cross section 
approach, a negative (partial) correlation between a change in a variable (e.g., growth rates) and initial values is interpreted 
as evidence of (conditional) beta-convergence (e.g., Baumol, 1986; Barro and Sala-i-Martin, 1992; Mankiw et al., 1992). 
According to the sigma-convergence, convergence holds when the cross section standard deviation of some variables (e.g. 
bond yield spreads) falls over time (Barro and Sala-i-Martin, 1992; Friedman, 1992). Although most of these tests were 
developed and have been mostly applied to test for real convergence, they have also been used to test for convergence in 
bond yields (Baele et al., 2004). In this paper, we follow a time series approach and analyse the time series properties of 
the bond yields differentials.  
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1991; Siklos and Wohar, 1997). As new time series econometric techniques were developed, they have 
also been applied to test for convergence in bond yield spreads. For example, the possible existence 
of structural breaks in yield spreads has also been taken into account in the literature (e.g. Frömmel 
and Kruse, 2009), while the persistence in bond yields has also been tested using fractional integration 
techniques (Baum and Barkoulas, 2006; Sibbertsen et al., 2014). Sibbertsen et al. (2014) examine the 
persistence in government bond yield spreads in France, Italy and Spain (relative to Germany) over 
the period 2002-2012 finding evidence of both breaks between 2006 and 2008, and an increase in the 
persistence of yield spreads after those breaks, coinciding with the sovereign debt crisis. The temporal 
evolution of the differences in EA bond yield spreads, together with the main results found in the 
literature justifies the use of the methodology proposed by Phillips and Sul (2007). We postulate that 
this method represents more realistically the behaviour of the EA countries bond yield spreads, since 
it includes both global and individual specific components and it is formulated as a nonlinear time-
varying factor model.  
As such, the objective of the paper is to examine the convergence patterns of 17 EA countries’ 
sovereign bond yield spreads (relative to German bund) over the period of March 2002 to December 
2015, by employing the convergence algorithm developed by Phillips and Sul (2007). The main 
contributions of this paper are the following. First, the sample of countries in the empirical analysis 
includes 18 EA member states in the Eurozone. The inclusion of the new member states in the analysis 
(Slovenia, Cyprus, Malta, Slovakia, Estonia, Latvia and Lithuania) is a valuable contribution of this 
paper, since most of the papers in the literature focus on the countries that first adopted the euro3, 
                                                          
3 One exception is the paper by Siklos (2010), who estimates whether the 10 new member states (Cyprus, Malta, Slovenia, 
Slovakia, Czech Republic, Estonia, Hungary, Lithuania, Latvia and Poland) that joined the EU in 2004 have achieved long-
term interest rate convergence. Using quarterly data from the mid-1990s, the results suggest no evidence of convergence 
in interest rates. 
 
6 
 
and it could help us understand how the adoption of a common currency affects the bond yields 
convergence process.  
Second, the analysis covers the time period from March 2002 to December 2015, a period of 
time in which sovereign yield spreads have shown a very heterogeneous behaviour, and which could 
be divided in different sub-periods (Afonso et al., 2015): the period of low yield spreads preceding the 
global credit crunch (March 2002- August 2007), the period during which the global credit crunch had 
not yet mutated into a sovereign debt crisis (August 2007- February 2009), and the last period of our 
sample including the sovereign debt crisis (March 2009- December 2015). Based on the idea that the 
degree of convergence or financial integration has been different over the analysed sub-periods, we 
test for convergence using the non-linear varying coefficients factor model developed by Phillips and 
Sul (2007), which provides the framework for modelling transitional dynamics as well as long run 
behaviour. Although the same methodology has already been used in the literature to test for 
convergence in different variables (see Apergis et al., 2014, for a detailed literature review), to our 
knowledge, this is the first paper that applies the non-linear varying coefficients factor model 
developed by Phillips and Sul (2007) to test for convergence in 17 EA countries’ bond yield spreads 
over the period March 2002- December 2015.4  
Finally, this methodology allows us to endogenously determine the existence of different 
convergence clubs among the different economies in the sample. The existence of more than one 
convergence club will imply the rejection of the convergence hypothesis across the 17 countries’ bond 
yield spreads. Furthermore, the existence of different convergence clubs will allow us to classify the 
17 EA countries based on their long-run common trend, instead of on the more simplistic 
                                                          
4 A remotely related paper is that of Apergis and Cooray (2014), who used the Phillips and Sul (2007) method to analyse 
convergence in the sovereign debt ratio of five European Monetary Union (EMU) countries, namely, Cyprus, Greece, 
Ireland, Italy, Portugal and Spain. The paper finds the evidence of lack of debt convergence for Greece and Portugal, 
suggesting that there is no uniform austerity prescription for these five economies. 
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classification “core/periphery countries”. The resulting convergence clubs will allow us to classify all 
the 17 EA countries (while many of them are not included in the “core/periphery” groups), and it will 
also give us information on how divergent the different convergence clubs are.  
The empirical findings suggest rejection of full convergence across the EA17 countries’ bond 
yields spreads, and the presence of a certain number of clubs. In particular, three subgroup 
convergence clubs emerge, with Cyprus, Spain, France, Greece, Ireland, Lithuania, Luxembourg, 
Latvia, Portugal and Slovenia in the first; Belgium, Italy and Malta in the second; and Austria, Finland, 
Netherlands and Slovakia in the third club. Moreover, there is also evidence that the first two clubs 
could be merged to form a larger convergence club. The transitional curves indicate that, despite short-
run divergences, EU17 sovereign bond yield spreads tend to converge in the long-run, with the 
exception of those in Greece and Cyprus, indicating the strong attempts of most of the countries 
under investigation to adopt fiscal policies that eventually contribute to a convergence pattern. 
The remainder of this paper is organised as follows. Section 2 describes the econometric 
methodology and the data used. Section 3 presents and discusses the empirical results. Finally, Section 
4 summarizes and concludes this study. 
 
2. Methodology and Data 
2.1. Econometric Methodology 
In this section, we outline the methodology proposed by Phillips and Sul (2007) (henceforth PS) to 
test for convergence in a panel of countries and to identify any convergence clubs. PS propose a new 
econometric approach for testing the convergence hypothesis and the identification of convergence 
clubs. Their method uses a nonlinear time-varying factor model and provides the framework for 
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modeling transitional dynamics as well as long run behavior. Furthermore, their statistical 
methodology can test for convergence in economic variables other than output.  
Let ity  denote a time series index i at time t. The new methodology adopts the following 
simple time-varying common-factor representation for ity  of country i: 
titity  ,      (1) 
where t  is a single common component and it  is a time-varying idiosyncratic element that captures 
the deviation of country i from the common path defined by t . Within this framework, all N 
countries will converge, at some point in the future, to the steady state, if  

kit
k
lim  for all i = 1, 
2, …, N, irrespective of whether countries are near the steady state or in transition. This is important 
given that the paths to the steady state (or states) across countries can differ significantly.  
The goal of PS is to test whether economic variables ity ,  i = 1, 2, …, N tend to converge to 
a single steady state as t .  To this direction they adopt a factor representation titity  (eq. 1)  
for  each economic variable in the sample.  The factor t  is assumed common across individuals 
(economies), while the transition dynamics are captured by the idiosyncratic components it which 
are allowed to vary across cross section and time.  Convergence is a dynamic process. Since  it  trace 
out the transition paths, convergence can be tested by examining the temporal relative evolution of 
it . PS do not assume any parametric form for t ; they just factor it out and they concentrate on it
. 
Since we cannot directly estimate it  from equation (1) due to over-parameterization, i.e. the 
number of parameters is greater than the number of observations, PS assume a semiparametric form 
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for it , which enables them to construct a formal test for convergence. In particular, they eliminate 
the common component t  through rescaling by the panel average: 
  
1 1
.
1 1
it it
it N N
it it
i i
y
h
y
N N


 
 
 
      (2) 
The relative measure ith captures the transition path with respect to the panel average. Defining a 
formal econometric test of convergence as well as an empirical algorithm of defining club convergence 
requires the following assumption for the semi-parametric form for the time-varying coefficients it : 
ititiit        (3)  
where



ttL
i
it
)(
 , 0i , 0t , and it  is weakly dependent over t, but iid(0,1) over i. The 
function )(tL  varies slowly, increasing and diverging at infinity.5 The presence of )(tL  ensures that 
𝛿𝑖𝑡
𝑝
→ 𝛿𝑖 as 𝑡 → ∞ and 𝛼 ≥ 0.  In the model (1)-(3) and under this specific form for it , convergence 
and divergence conditions can be expressed as follows: 
Convergence (𝓗𝟎): 𝑝𝑙𝑖𝑚𝑘→∞𝛿𝑖𝑡+𝑘 = 𝛿  if and only if   𝛿𝑖 = 𝛿  and  𝛼 ≥ 0, 
Divergence (𝓗𝑨):  𝑝𝑙𝑖𝑚𝑘→∞𝛿𝑖𝑡+𝑘 ≠ 𝛿  if and only if   𝛿𝑖 ≠ 𝛿  or  𝛼 < 0. 
To define  a formal test for the convergence hypothesis, PS construct the cross sectional variance ratio  
𝐻1
𝐻𝑡
⁄ , where 


N
i
itt h
N
H
1
2)1(
1
and ith  is defined in equation (2). Under the convergence 
                                                          
5 In this paper, following PS, we set ( ) logL t t . The authors (PS)) show that the choice L(t) = log(t) is preferred in terms 
of asymptotic power. Additionally, they found that this choice of L(t) works well in simulations and is recommended for 
empirical applications. In general, any similar increasing slowly varying function can be used.  
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hypothesis, ℎ𝑖𝑡 → 1 and 𝐻𝑡 → 0 as 𝑡 → ∞ for given N. PS show that 𝐻𝑡 has the following analytic 
form: 6 
𝑙𝑜𝑔𝐻𝑡 = −2𝑙𝑜𝑔𝐿(𝑡) − 2𝛼𝑙𝑜𝑔𝑡 + 2𝑙𝑜𝑔
𝜐𝜓𝛮
𝛿
+ 𝜖𝑡,                             (4) 
with                                𝜖𝑡 =
1
√𝑁
𝜂𝛮𝑡
𝜐𝜓𝛮
2 −
2
𝛿
1
𝑡𝛼𝐿(𝑡)
𝜓𝑡 +
1
𝛿2
1
𝑡2𝛼𝐿(𝑡)2
𝜓𝑡
2 + 𝛰𝑝 (
1
𝑁
),  
where 𝜐𝜓𝛮
2 = 𝑁−1(1 − 𝑁−1) ∑ 𝜎𝑖
2𝑁
𝑖=1 → 𝜐𝜓
2   as  𝑁 → ∞ ,  𝜂𝛮𝑡 = 𝑁
−1 2⁄ ∑ 𝜎𝑖
2(𝜉𝑖𝑡
2 − 1)𝑁𝑖=1 , and 
𝜓𝑡 = 𝛮
−1 ∑ 𝜎𝑖𝑡𝜉𝑖𝑡
𝑁
𝑖=1  . From (4) the following simple regression can be deduced: 
log
𝐻1
𝐻𝑡
− 2 log 𝐿(𝑡) = 𝑐 + 𝑏 log 𝑡 + 𝑢𝑡,                                          (5) 
where 𝑏 = 2𝛼, 𝑢𝑡 = −𝜖𝑡 , and the intercept 𝑐 = log 𝐻1 − 2 log
𝜐𝜓𝛮
𝛿
= −2 log 𝐿(1) + 𝑢1 does not 
depend on 𝛼  . Under convergence, log(𝐻1 𝐻𝑡⁄ ) − 2 log 𝐿(𝑡)  diverges to ∞ (as 2 log 𝐿(𝑡) when 
𝛼 = 0, or as  2𝛼 log 𝑡 when 𝛼 > 0).  Note that divergence of log(𝐻1 𝐻𝑡⁄ ) corresponds to 𝐻𝑡 → 0 as 
→ ∞ . Thus the  null hypothesis of convergence, takes the form: 𝓗𝟎: 𝛼 ≥ 0 and can be tested using 
a simple one sided t test. Under the divergence hypothesis 𝓗𝑨, PS show that , 𝐻𝑡 converges to a 
positive quantity as  𝑡 → ∞ and the dependent variable in (5), log(𝐻1 𝐻𝑡⁄ ) − 2 log 𝐿(𝑡) diverges to  
−∞ . Hence, the t test on the coefficient of the log 𝑡 regressor discriminates the behavior of the 
dependent variable under the alternative hypothesis of divergence ℋ𝐴, from its  behavior under the 
null hypothesis of convergence 𝓗𝟎.  The t-test statistic follows asymptotically the standard normal 
distribution, and is constructed using a heteroskedasticity and autocorrelation consistent standard 
error. 7 PS call the one-sided t -test, the tlog  test due to the presence of the log t regressor in equation 
                                                          
6 Appendix B of PS reports the analytic proof under the convergence hypothesis for this regression equation. 
7  Standard errors are estimated using the Newey-West HAC estimator (1987) with the Quadratic Spectral kernel. 
Bandwidth is set equal to the “optimal” bandwidth which is automatically selected using the parametric methodology 
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(5). The null hypothesis of convergence is accepted at the 5% level if the tlog  test is greater than -
1.65. PS argue that discarding some fraction 𝑟 of the time series data helps to focus attention on what 
happens as the sample gets larger. Based on simulation experience, they suggest that 𝑟 = 0.3 is a good 
choice in terms of both size and power.  
Furthermore, we extend the simulation study of PS in order to investigate how the logt test behaves 
(i) under structural breaks, and (ii) in finite samples of different sizes. Our simulations results reported 
in Table B1 of Appendix B, show that the logt test is robust to the presence of structural breaks. 
Contrary, our results suggest that the number of observations affects significantly the power 
performance of the test. 
The empirical convergence literature also deals with the possible existence of multiple equilibriums. 
In that case, rejection of the null hypothesis that all countries in the sample converge does not imply 
the absence of convergence clubs in the panel. In this study, we implement the club convergence and 
clustering procedure proposed by PS.  We summarize that procedure as follows: (1) Order the N 
countries with respect to the last-period value of the time series; (2) Form all possible core (club) 
groups kC  by selecting the first k  highest countries, with 2,  3,  ...,  k N . Then, test for 
convergence using the ktlog  test within each subgroup of size k . Finally, define the core club *C  of 
size *k  as the club for which the maximum computed *log kt  statistic occurs, given that the ktlog  
statistics supports the convergence hypothesis; (3) From the remaining N-k* countries, add one 
country at a time to the core club C* and test for convergence through the logt test. If the test strongly 
supports the convergence hypothesis ( 0log t ), then include the country to the group *C . Find all 
                                                          
suggested by Andrews (1991). Results obtained using the Bartlett kernel are qualitatively the same and are reported in 
Appendix A (Table A2). 
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countries that, according to the tlog  test, converge to the same steady state with the core group *C
; these countries together with the countries of the core group  *C  form  the first convergence club 
in the panel; (4) Then, for the remaining countries (if any), repeat the procedure described in steps 1-
3 to determine the next convergence club, if one exists. Finally, terminate the procedure when the 
remaining economies fail to converge. However, since the sieve criterion ( 0log t ) set in step (3) is 
highly conservative club convergence and clustering procedure tends to find more clubs than the true 
number. To avoid such overestimation, PS suggest running logt test regressions across the subgroups 
to access evidence in support of merging clubs into larger clubs.  
 
2.2. Data  
We collect monthly observations of 10-year sovereign bond yields (in percentage) series for the EA 
18 countries over the period March 2002 to December 2015 (i.e. 166 observations) from the ECB 
Statistical Data Warehouse database. The starting date of the analysis is purely dictated by data 
availability. Specifically, March 2002 is the earliest date for which sovereign bond yields exist for all 
EA countries. Estonia is the only EA country for which sovereign bond yields data are not available 
at all, and thus excluded from our EA country sample. We then convert the 10-year sovereign bond 
yields series into spreads by subtracting the German bond yield series from each of the remaining 
EA17 bond yield series. Figure 1 plots the sovereign bond yield spreads, and Table 1 reports their 
descriptive statistics. 
 
[Insert Table 1 around here] 
[Insert Figure 1 around here] 
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According to Figure 1, it is evident the increase in spreads in the Euro Area countries that suffered 
from increased sovereign debts since the global financial crisis and the subsequent eurozone debt 
crisis. 8  Sovereign bond yield spreads, on average, were the highest for Greece, followed by Latvia, 
Cyprus, Portugal, Lithuania, Slovenia, Ireland, Italy, Malta and Spain, ranging between 1.16% to 4.94% 
(see Table 1); while spreads for the “safe” EA countries, such as Austria, Belgium, Finland, France 
and Netherlands were much smaller, ranging between 0.21% and 0.53%, and were even negative for 
Luxembourg (see Table 1). Moreover, the increasingly divergence patterns in some EA17 countries is 
also reflected in the simple dispersion measures of sovereign bond yield spreads reported in Table 1. 
For instance, the standard deviation of sovereign bond yield spreads in the former group is much 
higher compared to that of the latter group. 
 
3. Empirical Results 
Table 2 reports the results of applying the PS convergence and clustering procedure. The first row of 
Panel A reports the result for testing the hypothesis that all EA17 countries converge to a single steady 
state; the convergence hypothesis is rejected at 5% level of significance. All the remaining rows of 
Panel A show the empirical results obtained from a direct application of the clustering algorithm 
described above. The algorithm classifies countries in 3 subgroups convergence clubs, with Cyprus, 
Spain, France, Greece, Ireland, Lithuania, Luxembourg, Latvia, Portugal and Slovenia in the first; 
Belgium, Italy and Malta in the second; and Austria, Finland, Netherlands and Slovakia in the third 
club. According to the PS algorithm, there is no country in the EA that fails to converge to any of the 
existing steady states.  Panel B reports the test conducted to determine whether any of the original 
subgroups reported in Panel A can be merged to form larger convergence clubs. This test suggests 
                                                          
8 We have shown through Monte Carlo Simulations that the logt test is robust to the presence of structural breaks. The 
results are reported in Appendix B (Table B1). 
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that the first and second subgroups can be merged to form a larger convergence club. The second and 
third subgroup, however, do not contribute to any merging. Hence, subgroup two and subgroup three 
are taken to form separate convergence clubs. 9 
 
[Insert Table 2 around here] 
 
Figure 2 depicts the relative transition curves for the EA17 sovereign bond yield spreads. 
Visual inspection of these curves enables us to gain some insight on the outcomes of the testing 
methodology and monitor the convergence of these sovereign bond yield spreads, relatively to the 
EA17 sample average. In particular, the transition curves report a graphical picture about the tendency 
of the cluster participants to converge or diverge from above or below 1, which is the convergence 
path reference point during the period under study. The graphical findings of the transition curves 
highlight that, despite short-run divergences, there is a long-run tendency towards convergence of 
EA17 sovereign bond yield spreads, with the exception of Greece and Cyprus, indicating the strong 
attempts of the countries under investigation to adopt fiscal policies that eventually contribute to a 
convergence pattern. 
 
[Insert Figure 2 around here] 
 
4. Conclusion 
                                                          
9 In our empirical application we set 𝑟 = 0.30 since PS show through Monte Carlo simulations that this is a good choice 
for empirical application in terms of both size and power. Following reviewer’s suggestion we provide results for four 
more values of r (𝑟 = 0.20, 0.23, 0.26, 0.29). We present these results in Appendix A. For values of  𝑟 ≤ 0.26 the logt 
test suggests that all countries converge to a single steady state. For  𝑟 > 0.26  the results are qualitatively the same as 
those reported in Table 2 for 𝑟 = 0.30. However, note that these values are inferior in terms of size and power than 𝑟 =
0.30. 
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The main objective of the paper is to examine the convergence patterns of EA 17 countries’ sovereign 
bond yield spreads (relative to German bund) over the period of March 2002 to December 2015, by 
employing the convergence algorithm developed by Phillips and Sul (2007). The main results are the 
following.  
First, the empirical results suggest the rejection of full convergence over the 17 countries’ 
sovereign bond yield spreads. According to the literature on the determinants of bond yield spreads, 
and as explained above, this would suggest that relevance of country-specific factors (and not only 
international factors) in explaining their behaviour. Therefore, and based on this literature, liquidity 
and sovereign risk variables have played a significant role in the evolution of EA bond yield spreads, 
which suggest the relevance of countries’ fiscal variables (specially, fiscal deficit and debt to GDP 
ratios) in determining bond yield differentials. The results justify the need to adopt common fiscal 
policies among the EA member states.  
Second, among the 17 EA countries, three subgroup convergence clubs emerge, with Cyprus, 
Spain, France, Greece, Ireland, Lithuania, Luxembourg, Latvia, Portugal and Slovenia in the first; 
Belgium, Italy and Malta in the second; and Austria, Finland, Netherlands and Slovakia in the third 
club. This result gives an idea of how simplistic is the classification of the EA countries in “core” or 
“periphery” countries when explaining their divergent behaviour in bond yield spreads.   
Third, there is also evidence that the first two clubs could be merged to form a larger 
convergence club. The second and third subgroup, however, do not contribute to any merging. Hence, 
subgroup two and subgroup three are taken to form separate convergence clubs. Based on this result, 
it is relevant to mention the different behaviour that Slovakia, which adopted the euro in 2009, 
presents compared to the other EA new members, suggesting that the adoption of the common 
16 
 
currency was not the most relevant variable to explain the convergence process of EA bond yield 
spreads.  
Finally, the transitional curves indicate that, despite short-run divergences, EU17 sovereign 
bond yield spreads tend to converge over the long, with the exception of those in Greece and Cyprus. 
This result justifies again the need to adopt common fiscal policies among the EA member states, 
directed mainly to the reduction of fiscal deficits and debt to GDP ratios in these countries.  
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Figure 1: EU17 countries’ sovereign bond yield spreads 
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Figure 2: EA17 – Relative transition curves 
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Table 1: Descriptive statistics of EA17 sovereign bond yield spreads 
 Mean Stdev Min Max Skewness Kurtosis JB 
AUSTRIA 0.34 0.31 0 1.49 1.40 4.88 78.56 
BELGIUM 0.53 0.55 0.03 2.97 1.75 6.29 159.19 
CYPRUS 2.29 1.93 -0.12 5.88 0.63 1.89 19.36 
FINLAND 0.22 0.18 -0.05 0.8 0.84 3.78 23.92 
FRANCE 0.34 0.33 0.02 1.54 1.41 4.99 82.36 
GREECE 4.94 6.36 0.13 27.39 1.56 5.04 95.71 
IRELAND 1.57 2.12 -0.05 9.71 1.63 4.92 98.95 
ITALY 1.23 1.24 0.14 5.19 1.35 4.05 57.68 
LATVIA 2.40 2.73 -0.36 10.61 1.69 4.76 100.11 
LITHUANIA 2.14 2.69 0.01 11.48 2.51 8.81 407.50 
LUXEMBOURG -0.01 0.64 -1.33 1.41 -0.41 2.49 6.47 
MALTA 1.23 0.62 0.28 2.97 0.76 3.23 16.20 
NETHERLANDS 0.21 0.18 -0.02 0.69 0.74 2.75 15.41 
PORTUGAL 2.24 2.99 0 12.03 1.61 4.71 92.29 
SLOVAKIA 1.00 0.86 -0.27 3.5 1.10 3.80 37.62 
SLOVENIA 1.75 1.52 -0.23 5.47 0.85 2.44 22.22 
SPAIN 1.16 1.38 0 5.55 1.25 3.66 46.02 
 
Table 2: EA17 – Club convergence 
Subgroup Countries b coefficient logt-statistic 
Panel A: Club Convergence 
Full sample Austria, Belgium, Cyprus, Spain, Finland, France, Greece, 
Ireland, Italy, Lithuania, Luxembourg, Latvia, Malta, 
Netherlands, Portugal, Slovenia, Slovakia 
-0.126 -3.354* 
    
1st subgroup Cyprus, Spain, France, Greece, Ireland, Lithuania, 
Luxembourg, Latvia, Portugal, Slovenia 
0.565 2.672 
    
2nd  subgroup Belgium, Italy, Malta 0.050 0.308 
    
3rd subgroup Austria, Finland, Netherlands, Slovakia 0.504 0.750 
    
Non - converging ----------------------   
    
Panel B: Subgroup Merging 
1st subgroup + 2nd 
subgroup 
 0.147 2.792 
2nd  subgroup + 3rd 
subgroup 
 -0.634 -2.134* 
Notes: “*” denotes the rejection of the null hypothesis of convergence at the 5% significance level.  
 
 
 
 
Appendix A  
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Table A1: EA17 – Convergence test results for different values of r – the case of the Quadratic 
Spectral kernel function. 
Subgroup Countries b coefficient logt-statistic 
r-0.20 
Full sample Austria, Belgium, Cyprus, Spain, Finland, France, Greece, 
Ireland, Italy, Lithuania, Luxembourg, Latvia, Malta, 
Netherlands, Portugal, Slovenia, Slovakia 
0.419 1.522 
    
r=0.23 
Full sample Austria, Belgium, Cyprus, Spain, Finland, France, Greece, 
Ireland, Italy, Lithuania, Luxembourg, Latvia, Malta, 
Netherlands, Portugal, Slovenia, Slovakia 
0.326 1.640 
    
r=0.26 
Full sample Austria, Belgium, Cyprus, Spain, Finland, France, Greece, 
Ireland, Italy, Lithuania, Luxembourg, Latvia, Malta, 
Netherlands, Portugal, Slovenia, Slovakia 
0.134 2.381 
    
r=0.29 
Full sample Austria, Belgium, Cyprus, Spain, Finland, France, Greece, 
Ireland, Italy, Lithuania, Luxembourg, Latvia, Malta, 
Netherlands, Portugal, Slovenia, Slovakia 
-0.072 -2.632* 
    
1st subgroup Cyprus, Spain, France, Greece, Ireland, Italy, Lithuania, 
Luxembourg, Latvia, Portugal, Slovenia 
0.513 4.554 
    
2nd  subgroup Belgium, Malta 0.522 2.640 
    
3rd subgroup Austria, Finland, Netherlands, Slovakia 0.581 0.898 
    
1st subgroup + 2nd 
subgroup 
 0.205 4.531 
2nd  subgroup + 3rd 
subgroup 
 -0.214 -1.953* 
    
r=0.30 
Full sample Austria, Belgium, Cyprus, Spain, Finland, France, Greece, 
Ireland, Italy, Lithuania, Luxembourg, Latvia, Malta, 
Netherlands, Portugal, Slovenia, Slovakia 
-0.126 -3.354* 
    
1st subgroup Cyprus, Spain, France, Greece, Ireland, Lithuania, 
Luxembourg, Latvia, Portugal, Slovenia 
0.565 2.672 
    
2nd  subgroup Belgium, Italy, Malta 0.050 0.308 
    
3rd subgroup Austria, Finland, Netherlands, Slovakia 0.504 0.750 
    
1st subgroup + 2nd 
subgroup 
 0.147 2.792 
2nd  subgroup + 3rd 
subgroup 
 -0.634 -2.134* 
Notes: “*” denotes the rejection of the null hypothesis of convergence at the 5% significance level. Standard errors are 
estimated using the Newey-West HAC estimator (1987) with the Quadratic Spectral kernel. Bandwidth is set equal to the 
“optimal” bandwidth which is automatically selected using the parametric methodology suggested by Andrews (1991) 
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Table A2: EA17 – Convergence test results for different values of r – the case of the Bartlett kernel 
function. 
Subgroup Countries b coefficient logt-statistic 
r-0.20 
Full sample Austria, Belgium, Cyprus, Spain, Finland, France, Greece, 
Ireland, Italy, Lithuania, Luxembourg, Latvia, Malta, 
Netherlands, Portugal, Slovenia, Slovakia 
0.419 1.247 
    
r=0.23 
Full sample Austria, Belgium, Cyprus, Spain, Finland, France, Greece, 
Ireland, Italy, Lithuania, Luxembourg, Latvia, Malta, 
Netherlands, Portugal, Slovenia, Slovakia 
0.326 1.154 
    
r=0.26 
Full sample Austria, Belgium, Cyprus, Spain, Finland, France, Greece, 
Ireland, Italy, Lithuania, Luxembourg, Latvia, Malta, 
Netherlands, Portugal, Slovenia, Slovakia 
0.134 1.506 
    
r=0.29 
Full sample Austria, Belgium, Cyprus, Spain, Finland, France, Greece, 
Ireland, Italy, Lithuania, Luxembourg, Latvia, Malta, 
Netherlands, Portugal, Slovenia, Slovakia 
-0.072 -3.168* 
    
1st subgroup Cyprus, Spain, France, Greece, Ireland, Italy, Lithuania, 
Luxembourg, Latvia, Portugal, Slovenia 
0.513 2.727 
    
2nd  subgroup Belgium, Malta 0.522 1.708 
    
3rd subgroup Austria, Finland, Netherlands, Slovakia 0.581 -1.540 
    
1st subgroup + 2nd 
subgroup 
 0.205 3.700 
2nd  subgroup + 3rd 
subgroup 
 -0.214 -1.876* 
    
r=0.30 
Full sample Austria, Belgium, Cyprus, Spain, Finland, France, Greece, 
Ireland, Italy, Lithuania, Luxembourg, Latvia, Malta, 
Netherlands, Portugal, Slovenia, Slovakia 
-0.126 -3.168* 
    
1st subgroup Cyprus, Spain, France, Greece, Ireland,  Lithuania, 
Luxembourg, Latvia, Portugal, Slovenia 
0.565 1.557 
    
2nd  subgroup Belgium, Italy, Malta 0.050 -0.067 
    
3rd subgroup Austria, Finland, Netherlands, Slovakia 0.504 0.698 
    
1st subgroup + 2nd 
subgroup 
 0.147 0.932 
2nd  subgroup + 3rd 
subgroup 
 -0.634 -1.669* 
Notes: “*” denotes the rejection of the null hypothesis of convergence at the 5% significance level. Standard errors are 
estimated using the Newey-West HAC estimator (1987) with the Bartlett kernel. Bandwidth is set equal to the “optimal” 
bandwidth which is automatically selected using the parametric methodology suggested by Andrews (1991). 
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Appendix B  
In order provide some evaluation on the performance of the logt test in the presence of breaks we 
carried out  a small simulation exercise. Following Phillips and Sul (2007), we adopt the data 
generating process (DGP): 
𝑦𝑖𝑡 = 𝛿𝑖𝑡𝜇𝑡,  𝜇𝑡 = 𝜃0 + 𝜃1𝟙{𝑡 > 𝑡1} + 𝜃2𝟙{𝑡 > 𝑡2} + 𝜇𝑡−1 + 𝑒𝑡, 𝑒𝑡~𝑖𝑖𝑑𝑁(0,1) 
𝛿𝑖𝑡 = 𝛿𝑖 + 𝛿𝑖𝑡
0 , 𝛿𝑖𝑡
0 = 𝜌𝑖𝛿𝑖𝑡−1
0 + 𝜀𝑖𝑡, 𝜀𝑖𝑡~𝑖𝑖𝑑𝑁(0, 𝜎𝑖
2𝐿(𝑡 + 1)−2𝑡−2𝛼), 
where 𝐿(𝑡) = 𝑙𝑜𝑔𝑡, 𝜌𝑖~𝑈[0, 0.9], 𝜎𝑖~𝑈[0.02, 0.28].  
The DGP follows the time-varying representation (Eq.1) for 𝑦𝑖𝑡  adopted by Phillips and Sul 
(2007). As was described in the methodology section, transition dynamics are captured by the 
idiosyncratic components  𝛿𝑖𝑡. The form of 𝛿𝑖𝑡 in our DGP is in line with Eq.3, and thus ensures 
convergence if and only if   𝛿𝑖 = 𝛿  and  𝛼 ≥ 0 (page 9).  On the other hand, divergence occurs if 
and only if 𝛿𝑖 ≠ 𝛿  or  𝛼 < 0 (page 9). Furthermore, our DGP allows us to introduce breaks in 
the transition dynamics. Specifically, when  𝜃1 = 𝜃2 = 0, the permanent component 𝜇𝑡, follows 
a random walk with drift but no breaks.  In the case 𝜃1 ≠ 0,  𝜃2 = 0, there is a break in drift 
(mean) at 𝑡1. We also consider the case with two breaks in drift, which occurs when  𝜃1 ≠ 0 and 
𝜃2 ≠ 0. The value of the coefficient 𝜃0  does not affect simulation performance and results and a 
is set to be zero. 
To check the size and the power of the test we set 𝛿𝑖 = 1 and  𝛿𝑖~𝑈[1, 2], respectively. 
For all cases, we set 𝛼 = 0.01, 0.05, 0.1, 0.2, 𝑇 = 83, 166 and 𝑁 = 17. 
To investigate the performance of the logt test we consider the following three DGPs: 
DGP1 (No structural breaks): 𝜃1 = 𝜃2 = 0. 
DGP2 (One structural break): 𝜃1 = 1,  𝑡1 = 𝑇/2.  
DGP3 (Two structural breaks: 𝜃1 = 1,   𝜃2 = −0.5,  𝑡1 = 𝑇/2,  𝑡2 = (3 𝑇 4⁄ ). 
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The number of replications was 2000.  
Table B1 shows the simulations results for the three DGPs described above. The nominal size is 
fixed to be 5%. The power of the test is reported without size adjustment.  
The size of the test does not depend on the values of 𝛼 and  T. Most importantly, the size is not 
affected by the presence of structural breaks.  
The empirical power is not significantly affected by the values of  𝛼, especially for 𝑇 = 166. 
Contrary, our results suggest that sample size affects the power performance of the test. For 
example, in the case of DGP1 and 𝛼=0.01, power is reduced from 0.97 for T=166 to 0.72 for 
T=83. Most importantly, the logt test appears to be robust to the presence of structural breaks. 
 
 
Table B1: Empirical size and power of the logt test (5% nominal size) 
  T=166 T=83 
  α=0.01 α=0.05 α=0.1 α=0.2 α=0.01 α=0.05 α=0.1 α=0.2 
 Panel A: No structural breaks 
DGP1 Size 0.02 0.02 0.02 0.02 0.02 0.03 0.03 0.02 
Power 0.97 0.97 0.98 0.98 0.72 0.75 0.76 0.79 
          
 Panel Β: Structural breaks 
DGP2 Size 0.02 0.02 0.02 0.02 0.02 0.02 0.02 0.01 
Power 0.96 0.97 0.97 0.98 0.72 0.72 0.78 0.78 
          
DGP3 Size 0.02 0.02 0.01 0.02 0.02 0.02 0.02 0.02 
Power 0.95 0.97 0.97 0.98 0.72 0.74 0.78 0.80 
Notes: In all simulations the number of the cross section units is set N=17.  
 
 
